Tautomeric structures from imine-enamine equilibria with rings of different size were geometrically optimized at the B3LYP/6-311++G** level of theory. Then important molecular parameters, IR frequencies, NBO and dipole moment results in the gas phase and solution were extracted. The energetic results show that relative stability of enamine tautomer (versus imine tautomer) increases with the increase of ring size and polarity of solvent. Calculated frequencies show the effect on the C=N frequency (imine tautomer) is attributed to ring size. The effect of increasing ring stain by decreasing ring size is to increase the C=N frequency. In addition, variation of dipole moments and NBO charges on atoms in the solvents are studied.
INTRODUCTION
The imines formation is a particularly important chemical reaction in some biological processes [1, 2] . For example, the covalent binding of carbonylcontaining compounds to an enzyme usually involves the formation of imine. The imine moiety is formed by condensation of carbonyl groups of ketone or aldehyde with a primary or secondary amine. Equilibrium between imine and enamine may take place when at least one hydrogen atom is bonded with the imine nitrogen. The mole fractions of these species depend on the symmetry of the parent ketone and the substituents on the amine [3] .
Since the imines bonds are labile and readily hydrolyzed to the corresponding ketones, it is difficult accurately to monitor and determine which factors influents the extent of imines formations. For example, experiments using Raman and infrared spectroscopy to study the stretching frequencies of imines have been reported. By studying the kinetics of imine formation from acetophenone and substituted aniline, Lee et al. were successful in monitoring the conversion from ketones to imines [4] .
Tautomeric conversions [5] [6] [7] have been mostly investigated by many chemists during last decades. Recently, the study of tautomerism received renewed attention due to its importance on determination of compounds' properties and their area of applications.
In recent years, the understanding of the tautomerism progresses due to the investigation of this phenomenon became one of the major topics in theoretical chemistry. For example, tautomerism in keto-enol [8, 9] , imineenamine [10, 11] , purines [12] , pirimidines [13] and many other systems [14] [15] have been studied during past two decades. Thereupon, compounds containing tautomers can be the subject of interest for the theoreticians. In title compounds, the tautomerism affects their chemical and biological activities, and any systematic publications on theoretical study of their tautomerisms have been not take place. In this connection, it seems to be important to study the complete scheme of tautomerism and the reaction pathways between different tautomers. In this line, effects of solvent on this tautomerism should also be worked out clearly [16] .
In this article, molecular parameters, relative energies, NBO analysis, dipole moments and vibrational frequencies of imines and enamines with different rings have been calculated using B3LYP/6-311++G** level of theory. Furthermore, the effects of solvent have been investigated using benzene (non polar), acetone (aprotic) and water (protic) as solvents.
Computational Methods
All calculations were carried out on a Pentium personal computer by means of GAUSSIAN03 program package [17] . First, the structures of the compounds were drawn using Gauss View 03 [18] . To characterize the optimized geometries, the vibrational frequencies for all conformers have been calculated at B3LYP levels. The stationary structures, corresponding to the minimum of potential energy surface, were confirmed by ascertaining the fact that all ground states have only positive real frequencies. The tautomers were also optimized in solvents according to the polarizable continuum method of Tomasi and co-workers, which exploits the generating polyhedra procedure [19] [20] [21] [22] to build the cavity in the polarizable continuum medium, where the solute is accommodated. Atomic charges in all the structures were obtained using the Natural Population Analysis (NPA) method within the Natural Bond Orbital (NBO) approach [23] .
RESULTS AND DISCUSSION

Optimized parameters
In this paper, energies, molecular properties and tautomeric interconversion in imine and enamine with 3-membered ring (R3I, R3E), 4-membered ring (R4I, R4E), 5-membered ring (R5I, R5E) and 6-membered ring (R6I, R6E) have been studied. The structures, names and numbering schemes of selected compounds are presented in Fig. 1 . The selected molecules can be presented by two tautomers, imine (I) and enamine (E). Only the most stable conformer of each structure has been considered in this study. The tautomerism in the selected structures is similar to 1,3-sigmatropic rearrangement. This subject attracts considerable attention of scientists, especially in cyclic system [24, 25] . The results of energy comparisons of the tautomers in the gas phase and different solvents are given in Table 1 . In the gas phase imine form is more stable than the other form however with increase of the size of ring difference between the tautomers obviously decreases. The major difference between them in a gas phase for 3-membered ring was found to be -15.522 kcal mol
The optimized parameters of all structures are listed in Table 2 . The N1-C2 bond length, reported in the first row of table, lies in the range of 1.356-1.396 Å in E tautomers and 1.254-1.273 Å in I tautomers. In E tautomers, the N1-C2 bond length increases with the increase of ring size, because of decreasing in ring strain. The C2-C3 bond length lies in the range of 1.301-1.346 Å in E tautomers and 1.458-1.521 Å in I tautomers. Next three rows in Table 2 consist of N1-H4, C3-H4 and C2-H5 bond lengths. All of these bond lengths have expected quantities between 1.019 and 1.098 Å in tautomers. The rows 6 and 7 in Table 2 consist of bond angles. The variation of N1-C2-C3 endocyclic angle strictly depends on the ring size. For example, its value changes from 152.5 deg in R3E to 124.2 deg in R6E. Moreover, because of decreasing in ring's strain, C2-C3-H5 bond angle decreases by the increase of ring size. The calculated dipole moments for the tautomers are presented in Table 3 . In a gas phase the dipole moment decreases with the increase of ring size in E forms but in the imine forms we can see an exception in 5-membered ring tautomer. Enamine forms have higher dipole moment than the imine forms with 3-membered ring in gas phase and in benzene, and this exception can be caused with the high ring strain. Table 4 shows NBO charges have been calculated by means of the Natural Population Analysis (NPA) for optimized structures of imine-enamine tautomers in the gas phase and solvents. Each tautomer shows N atom bearing the largest negative net charge. The last C atoms in enamine and imine and N atom will most effectively interact with electrophiles. Five important vibrational frequencies of all structures are listed in Table 5 . In first row, N1-H4 frequency (this frequency only exists in tautomer E) is reported, R3E ring has higher magnitude and C3-H4 too. Table 5 indicates that C2=N1 frequencies decreases with the increase of ring size. For enamines, C3-H5 frequencies decrease, but not monotonically.
C2=C3 in R4E shows lower magnitude and it corresponds to ring strain in this tautomer. The unexpected frequencies value of four ring tautomers have demonstrated that this change in rings reveals to decreasing of the ring strain. The variation of frequencies versus ring size is important because they shows meaningful relation between empirical parameters (frequency) and simple theories, such as bond angle, ring's strain and hybridation.
Solvent effects
Solvent effects are relevant in tautomers stability phenomena, since polarity differences among tautomers can induce significant changes in their relative energies in solution. PCM/B3LYP calculations were used to analyze the solvent effects on tautomerism of all the tautomers. It is important to stress that the PCM model does not consider the presence of explicit solvent molecules; hence specific solute-solvent interactions are not described and the calculated solutions effects arise only from mutual solute-solvent electrostatic polarization. The data presented in Table 1 show that polar solvents increase the stability of all the tautomers in comparison with the gas phase. The difference between the total energies shows a regular decrease (except for 5-membered ring in acetone) when changing from gas phase to most polar solvents (water).
The solvent represented by a polarizable continuum shows a significant effect on the dipole moments of the individual solute conformers. The dipole moments increase from the gas phase to the solution as well as by increasing the solvent polarity. The most significant variations being obtained have been observed in R6I form with 3.0434 D (Table 3) . We have examined the charge distribution of tautomers in the solvent as well as in a gas phase by using calculated NBO charges. The charge distribution in solvents with increase of polarity differently varies for any atoms.
CONCLUSIONS
In this work, DFT calculation has been applied to study of tautomerism in imines and enamines with different rings in the gas phase and in three solvents. The following points emerge from the present study:
1. As the polarity increases, the total energy of all compounds become more negative.
2. Relative stability of enamine tautomer versus imine tautomer increases with the increase of ring size.
3. Dipole moments of all tautomers increase as the polarity of solvent increases too.
4. The charges on all the positions were affected by solvents. In addition with increase of dielectric constant a variation was found.
